Abstract. Refractive and absorption indices in the UV and visible region of selected aqueous organic acids relevant to tropospheric aerosols are reported. The acids investigated are the aliphatic dicarboxylic acids oxalic, malonic, tartronic, succinic and glutaric acid. In addition we report data for pyruvic, pinonic, benzoic and phthalic acid. To cover a wide range of conditions we have investigated the aqueous organic acids at different concentrations spanning from highly diluted samples to concentrations close to saturation. The density of the investigated samples is reported and a parameterisation of the absorption and refractive index that allows the calculation of the optical constants of mixed aqueous organic acids at different concentrations is presented. The single scattering albedo is calculated for two size distributions using measured and a synthetic set of optical constants. The results show that tropospheric aerosols consisting of only these organic acids and water have a pure scattering effect.
Introduction
Aerosols have both direct and indirect effects on the Earth's radiative balance and thereby and impact on climate change; currently this impact is associated with a large uncertainty (IPCC, 2001) . The direct impact of aerosols on the radiative balance is through the scattering of incoming solar radiation and the absorption of solar and terrestrial radiationwhich of the processes that dominates depends on the aerosol composition and phase. The aerosols influence the radiative balance indirectly by acting as cloud condensation nuclei and thus affect the cloud microphysics and the albedo of the Earth (IPCC, 2001; Twomey et al., 1984) . In a quantification of the aerosol influence on the atmospheric radiative balance, the fundamental parameters to investigate are the optical depth,
Correspondence to: C. J. Nielsen (claus.nielsen@kjemi.uio.no) τ , and the single scattering albedo, . The optical depth is the extinction resulting from absorption and scattering of radiation by the aerosols in a column and is directly dependant on the aerosol amount. The climate response to τ is nearly linear for the small optical depths of the greatest interest (Hansen et al., 1997) . The spectral characteristics of τ are required to model the radiative effects of aerosols, to retrieve aerosol parameters from satellite remote sensing, and to correct for aerosol effects in remote sensing of the Earth's surface. In a more detailed understanding of the influence of different aerosol types on the radiative balance, the key parameter is the single scattering albedo, SSA (Hansen et al., 1997) . The SSA is determined by the absorption and scattering properties of the aerosol type, the size distribution, and the composition. That is, to calculate the aerosol scattering and absorption one needs the optical constants which is the complex index of refraction,Ñ(λ)=n(λ)+ik(λ); n(λ) is the wavelength dependant refractive index, and k(λ) is the corresponding absorption index. At present the data base of complex indices of refraction is very limited, and there is a lack of knowledge on how the different aerosol components influence the Earth's radiative balance.
Tropospheric aerosols are generally complex aqueous mixtures containing numerous different compounds; the major fraction is commonly sulphate and nitrate, however, carbon-containing species may also constitute the dominant fraction. The total carbon fraction (TC) ranges from 0.1%-70% depending on the location, the minimum is found in remote marine areas (Kawamura and Sakaguchi, 1999; Saxena and Hildemann, 1996; Turpin et al., 2000; Zappoli et al., 1999) . The characterisation of the carbon-containing fraction is a challenging topic due to the wide range of compounds present. Usually this fraction is divided into a nonwater soluble organic fraction and a water-soluble organic carbon fraction, WSOC. The WSOC may represent up to 75% of the TC present in aerosols, again, depending on the source and location (Decesari et al., 2001; Kawamura and Sakaguchi, 1999; Kiss et al., 2002; Mayol-Bracero et al., 2002; Narukawa et al., 1999; Saxena and Hildemann, 1996) .
Mono-and dicarboxylic acids are observed in snow, rain, cloud droplets, fog and aerosols both in urban, rural, marine, remote and polar areas. As a result of the high water affinity and low vapour pressure, dicarboxylic acids accumulate in aerosols (Baboukas et al., 2000; Limbeck et al., 2001) . This is in contrast to mono aliphatic carboxylic acids and is supported both by observations and calculations (Chebbi and Carlier, 1996; Saxena and Hildemann, 1996) . Dicarboxylic acids account for 1-15% of the total aerosol carbon (Kawamura and Ikushima, 1993; Kawamura et al., 1996; Sempere and Kawamura, 2003) and exhibit their highest concentrations during periods of increased solar radiation (Kawamura et al., 1995; Sempere and Kawamura, 2003) . Organic acids are observed both in the coarse and fine mode, an indication of both primary and secondary sources, respectively (Bardouki et al., 2003; Kavouras and Stephanou, 2002; Neusüss et al., 2000; Yao et al., 2002) . The study of Kavouras and Stephanou (2002) showed that in urban aerosols 73.3% of the dicarboxylic acids are present in the fine mode, <0.5 µm, and that no dicarboxylic acids are found in the coarse mode whereas in the marine and particular in forest regions the dicarboxylic acids are also present in the in larger modes.
The widespread presence of the low molecular weight organic acids in the tropospheric particulate matter is explained by the various sources, formation by photochemical reactions, oxidation of anthropogenic as well as natural hydrocarbons and biogenic compounds, and direct emission from combustion engines, meat cooking and biomass combustion (Chebbi and Carlier, 1996; Grosjean et al., 1978; Kawamura and Gagosian, 1987; Kawamura and Ikushima, 1993; Kawamura et al., 1996; Kerminen et al., 2000; Limbeck and Puxbaum, 1999; Rogge et al., 1998; Rogge et al., 1993; Simoneit, 1986) . Multiphase/aqueous phase chemistry is also believed to be an important source (Blando and Turpin, 2000; Yao et al., 2002) . Blando and Turpin (2000) suggested that there is a potential for secondary aerosol production in clouds. The proposed mechanism is that soluble or partly oxidised gases can be absorbed into water droplets and undergo chemical reactions and result in addition of organic material to the particle phase when the droplet evaporates.
Oxalic acid is the most abundant organic acid in the troposphere at all locations in the continental background aerosols as well as in marine, Antarctic, Arctic, urban areas and in aerosols produced from biomass burning (Grosjean et al., 1978; Kawamura and Ikushima, 1993; Kawamura et al., 1995; Kawamura and Sakaguchi, 1999; Kawamura et al., 1996; Kerminen et al., 2000; Limbeck and Puxbaum, 1999; Mochida et al., 2003; Narukawa et al., 2002; Sempere and Kawamura, 2003) . So far, no primary source or gas phase oxidation scheme is known, which results in oxalic acid in the tropospheric aerosols. Instead, aqueous phase chemistry in cloud and fog droplets as well as in aerosols is believed to play an essential role. Subsequent to the aqueous phase production of oxalic acid, the droplets may evaporate and result in aerosols with relatively high concentrations of oxalic acid (Warneck, 2003) . The other low molecular weight dicarboxylic acids common in the tropospheric aerosols are malonic (C 3 ), succinic (C 4 ), glutaric (C 5 ), and adipic (C 6 ) acid in addition to unsaturated or hydroxylated dicarboxylic acids. Pyruvic, benzoic, phthalic (C 8 ) and pinonic acid (C 7 ) are also frequently observed (e.g. Bardouki et al., 2003; Limbeck et al., 2001; Sempere and Kawamura, 2003) , see Table 1. The distribution of these organic acids depends on the location: malonic and succinic acid are the most frequently occurring organic acids next to oxalic acid. In the Arctic and Antarctic regions the relative occurrence of phthalic acid is noteworthy higher than elsewhere (Kawamura et al., 1995; Kawamura et al., 1996; Narukawa et al., 2002 ).
Twomey and co-workers (Twomey et al., 1984) suggested an additional indirect aerosol effect: increased concentrations of atmospheric aerosols will result in higher concentrations of cloud condensations nuclei, CCN, increased cloud droplet concentrations and thereby in smaller droplets. Some organic acids are believed to play an important role as CCN (Cruz and Pandis, 2000; Hori et al., 2003; Limbeck and Puxbaum, 1999; Prenni et al., 2001) . Crus and Pandis (2000) showed that above 85% relative humidity glutaric acid particles take up water, and suggested that glutaric and adipic acid act as efficient CCN. Other studies show that the ability of an organic compound to act as efficient CCN correlates with its solubility (Corrigan and Novakov, 1999 ).
The present study addresses a class of compounds present in the WSOC; the C 2 -C 6 dicarboxylic acids, pyruvic, benzoic, phthalic and pinonic acid, the latter representing the large group of carboxylic acids with a complex structures resulting from the oxidation of terpenes (Jaoui and Kamens, 2003) , benzoic and phthalic acid representing the aromatic organic acids present in secondary organic aerosols. We present the absorption index, k(λ), the refractive index, n(λ), and the density of aqueous solutions of the acids. Table 1 summarizes the acids investigated together with the available data of their solubility in water.
Experimental

The absorption index in the ultra violet/visible region
The experimental method and calculation procedure is reported previously (Myhre et al., 2004) and only the main principles are described here. The spectra were measured at 295 K in the 200-1100 nm wavelength range using an Agilent 8454E photodiode array spectrophotometer with a resolution of ∼1 nm, which is sufficient to resolve the expected absorption band structures for the solutions under study, and a The solubilities in g/100g are taken from Saxena and Hildemann (1996) except for pinonic acid, which is taken from Raymond and Pandis (2002) . b The solubilities in wt% is taken from Gerhartz et al. (1985 Gerhartz et al. ( -1996 at 293 K except for phthalic acid which is taken from Hori et al. (2003) . with an integration time of 0.5 s. The absorption index, k(λ), is derived from the Beer-Lambert law and is given by:
where λ is the wavelength, d is the optical path length through the sample, and A(λ) is the dimensionless absorbance, expressed as −log(I/I 0 ), that is the ratio of the monochromatic radiant power transmitted through the sample to that incident on the sample. The true absorbance cannot be measured directly because the solution to be studied is enclosed by cell windows. Reflection and scattering losses can, and will, occur at the various interfaces of the cell. To compensate for these losses the common procedure in UV/Visible spectroscopy is to use a cell containing only the solute and use this spectrum as I 0 (λ). In the present case this is not an appropriate method as the solvent (water) is an integrated part of the sample and important for the atmospheric application of the results. Instead we employed an alternative method using four cells with closely matching windows but with different path lengths. Assuming that the scattering losses inside the sample can be neglected we may then use the following relation:
where Rfl(λ) is the reflection loss, S i (λ) is the experimental spectrum, A (λ) is the absorbance per unit path length and d i is the corresponding path length of the cell. The absorbance spectrum corrected for the reflection losses, A(λ), was obtained by a least square calculation of four spectra with different path lengths. In the present study, the path lengths of the cells were 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0 mm; the selection of the 4 most appropriate path lengths was determined by the absorption strength. The absorbance spectrum corrected for the reflection losses, A(λ), is in turn used in Eq.
(1) to derive the absorption index, k(λ). A critical point in the analysis is the assumption that the scattering losses inside the sample can be neglected, and that only the reflection losses at the windows are contributing to Rfl(λ) in Eq. (2). We have previously justified this assumption, carried out a critical evaluation of the error in the absorption index in the UV/VIS wavelength region derived by this procedure, and tested our method by comparison with literature data of absorption indexes (Myhre et al., 2004) . The agreement with absorption index of water presented by Bertie and Lan (1996) is quite satisfactory -the difference is less than 1 standard error of the least squares fit, and a maximum absolute difference at 990 nm of less than 1.0 × 10 −7 . We have also compared our results obtained for 25 wt% aqueous (NH 4 ) 2 SO 4 and 48 wt% aqueous H 2 SO 4 with data from Gosse et al. (1997) and obtained a similar agreement. The differences are less than 2% in the absorbing regions and less than 10% in non-absorbing regions.
Based on this examination we estimate that the relative uncertainty in the reported absorption indexes is less than 5% in regions with absorption indexes higher than 1.0×10 −6 . The photometric noise in our instrument results in a relative uncertainty below 1% when the absorption index is higher than 5.0×10 −7 . The uncertainty in the path lengths of the cells are ±0.01 mm resulting in an relative uncertainty in absorption index of less than ∼1% except for oxalic and benzoic acid where the shortest cells are applied. The shortest cells results in an relative uncertainty of ∼2% when the absorption index is higher than ∼5.0×10 −6 and increase to about 10% when k(λ) is around 1.0×10 −7 .
The refractive index and the calculation procedure
The refractive index of the aqueous organic acids were measured at λ=632.8 nm (15 798 cm −1 , He-Ne laser) using a thermostated Abbe Standard 60 refractometer and keeping the temperature at 293±0.5 K. The refractive index at each concentration reported in Table 2 results from an average of 4 individual measurements, all with standard deviations less than 2×10 −4 . The estimated absolute error (1σ ) of approximately 0.15% is based on the instrument ability to reproduce literature values at the relevant wavelength and temperature.
The wavelength dependant refractive index, n(λ), in the region from 275-1100 nm was determined from the absorption index by the Kramer-Kronig relation as described by Ohta and Ishida (1988) and Bertie et al. (1993) , and using the measured index of refraction at 632.8 nm as anchor point.
The density
The density was measured by the use of a Density/Specific Gravity/Concentration Meter, DMA 5000, from Anton Paar. The repeatability of the instrument is reported to be 1×10 −6 g cm −3 and the temperature is controlled to ±0.001 K. All measurements were performed at T =293.00 K. The measuring range of the instrument is from 0-3 g cm −3 and the approximate amount of sample in the measuring cell is 1 mL. The uncertainty in our reported density data is estimated to ±4×10 −4 g cm −3 determined by the uncertainty in the concentrations.
Results and discussion
The concentrations of the organic acids in the ambient aerosols are determined by several factors, among them are the relative humidity and their vapour pressure. To cover a wide range of conditions we have investigated the aqueous organic acids at different concentrations spanning from highly diluted samples, representing fog and cloud conditions, to concentrations close to saturation, representing the conditions of aerosols at low relative humidity.
The density of aqueous organic acids
The density is an essential quantity in modelling the complex index of refraction of multi-component solutions. We only measured the density of samples having a pH higher than approximately 1.6 -a restriction emerged by the instrument. The results of the density measurements are listed in Table 2 . Relatively small variations in the density were registered even for the solutions with highest concentrations. The density of all the investigated samples is ranging from the value of water at 293 K, 0.99824 g cm −3 at 1 atm (Lemmon et al., 2003) to that of a 50 mass weight percent (wt%) glutaric acid with a density of 1.1348 g cm −3 . In the investigated concentration range the measured densities are reasonably approximated by a simple relation:
where x is the mole fraction acid in the solution. This empirical relation reproduces all the observations within 0.0013 g cm −3 , which should be compared to the estimated uncertainty of 0.0004 g cm −3 . That is the empirical relation reproduces the observation within 3 times the estimated standard deviation of the observations.
The absorption index of aqueous organic acids
The spectral structures of the UV/VIS absorption indices of the aliphatic dicarboxylic acids are very similar. The band observed in the spectra is the weak π*←n transition of the carboxylic group and for oxalic acid it is known to start close to ∼300 nm with its maximum around 260 nm in aqueous solutions (Back, 1984; Maria and McGlynn, 1972) ; the band is shifted towards lower wavelengths in aqueous polar solutions compared with the vapour phase (Back, 1984; Martin et al., 2000) . The medium-strong π *←π transition occurs in the vacuum UV around 170 nm. In the investigated samples the band centres are slightly displaced due to conjugation, substitution and solvent effects. in addition to the carbonyl transition π *←n at ∼275 nm (the path length used in the presented absorbance spectra of the aromatic compounds is 1 mm). The results demonstrate that the absorbance in the visible and near infrared region is dominated by the weak water overtone/combination band around 980 nm, whereas in the in UV region large differences are evident. In the lower panel are the absorbance spectra of oxalic and pyruvic acid in 5 mm cells presented. The spectral positions of the bands observed for oxalic acid and the other investigated dicarboxylic acids are very similar, but pyruvic acid differs being a keto acid, see Table 1 , with its π*←n transition of the keto group around 325 nm. The spectral characteristics of the absorption index of oxalic acid are further visualized in Fig. 2 , which shows the absorption index of oxalic acid at different concentrations in the 275-400 nm spectral region. The figure illustrates that in 6.0x10 this wavelength region the absorption index is linearly dependant on the molar concentration of oxalic acid, and molecular interactions and dissociation do not influence this part of the spectrum. This is in agreement with the UV spectra obtained of different oxalate species (Cruywagen and Heyns, 1983) . Note that even though the π*←n transition in oxalic acid is weak, the absorption index of a 1 wt% oxalic acid is approximately a factor of 100 larger than that of water at 300 nm. The results for oxalic acid are representative for all the aliphatic dicarboxylic acids, the only difference being that the longer dicarboxylic acids show much weaker band intensities in this region. Figure 3 compares the absorption index of oxalic, malonic, hydroxymalonic, succinic, glutaric and pyruvic acid at 1 wt%. The intensity difference between oxalic acid and the other acids investigated is substantial. It is worth to emphasize that the absorption indexes of hydroxymalonic acid and malonic acid are nearly identical in the entire wavelength region demonstrating that the α-hydroxyl group does not influence the absorption index in a significant manner. Furthermore the figure clearly illustrates the different spectral profile of pyruvic acid, discussed previously. The band in the near infrared region, located around 975 nm is an infrared water overtone/combination band and the absorption strength is dependant on the amount of water present in the investigated samples. Accordingly, the absorption index of this band is identical for all the 1 wt% organic acids and for concentrations in this range, also identical with that of pure water. The absorption index of this band decreases in the highly concentrated solutions. This is demonstrated in Fig. 4 , which shows the absorption index of glutaric acid at 3 concentrations; 1, 25 and 50 wt%. The intensity of the water band is reduced as the concentration of the dicarboxylic acid increase. However in contrast to the almost perfectly linear relationship between the absorption in the UV/VIS region and the molar concentration, the relationship 300 400 500 600 700 800 900 1000 1100 of this band deviates slightly from linearity. As mentioned this band originates from the overtones and combinations of infrared bands and generally intermolecular forces are essential for the structure of overtone and combination bands of aqueous solutions. The UV/VIS spectrum of glutaric acid, C 5 , is very weak at wavelengths longer than 275 nm, and essentially comparable to water, also for the 50 wt% glutaric acid. A comparison of the selected organic acids investigated is presented in Fig. 5 . The results demonstrate that the absorption by the aromatic compounds is much stronger than for the cyclic and aliphatic acids and phthalic acid is the one with the highest absorption investigated in this wavelength region. Pinonic acid, the cyclic dicarboxylic acid, has comparable absorption strength to the aliphatic dicarboxylic acids; still the absorption index of this compound is somewhat stronger than oxalic acid at the same concentration. Again we observe the different profile of the absorption spectrum of pyruvic 6.0x10 acid with a band centre at 325 nm. This displacement may be of atmospheric importance and is further investigated in the calculations of the single scattering albedo. Figure 6 illustrates a comparison of some of the investigated water-soluble organic acids together with common inorganic aerosol species and water. In the UV/VIS region above 275 nm there are very weak absorbances for all the compounds with pyruvic acid as the most interesting for atmospheric applications. In the near infrared region is it the amount of water, which is totally determining the intensity. This is clearly illustrated by the results of aqueous 25 wt% glutaric acid and aqueous 25 wt% (NH 4 ) 2 SO 4 , which is virtually equal and only minor changes are apparent possibly explained by different intermolecular forces. Table 2 presents the results of the refractive index measurements at λ=632.8 nm, and the results are visualised in Fig. 7 where the results for the ternary mixtures are indicated by their numbers in Table 3 . As can be seen the refractive index of the aqueous organic acids is essentially determined by the amount acid present, and not by the molecular characteristics of the components. The refractive index changes linearly with the total acid weight percent in the investigated concentration range from 0 to 60 wt%. We have recently reported refractive index of aqueous methanesulphonic acid solutions (Myhre et al., 2004) , and these data, indicated by "M" in Fig. 7 , fit very well with the dependence of the refractive index on the total solute concentration present in the sample.
The refractive index of aqueous organic acids
The refractive index at λ=632.8 nm of binary as well as general mixtures can quite accurately be approximated by a polynomial in the acid weight fraction, w, in region from 0 to 0.6: n λ=632.8 = 1.3320 + 0.12 · w.
This empirical relation reproduces all the observations (for the organic acids) within 0.0005, which should be compared to the estimated uncertainty of 0.0002. That is the empirical relation reproduces the observation within 3 times the estimated standard deviation of the observations.
Experimental and parameterised absorption and refractive index of organic aqueous mixtures
The absorption index of mixtures of different organic and inorganic compounds is of particular importance in atmospheric research. Our results of the binary mixtures of pure organic acids dissolved in water indicate that the absorption index in the 280-1050 nm region is directly proportional to the molar concentrations of the acid and water. The only minor deviation being the water overtone/combination band around 980 nm, see Sect. 3.2. We have also investigated selected ternary mixtures to examine if the absorption index of these types of mixtures might show the same simple linear molar concentration relationship. The ternary mixtures investigated in this work span a wide range of conditions, from diluted solutions to solutions close to saturation. The mixtures are also composed according to their solubilities with oxalic acid mixed both with a highly soluble dicarboxylic acid, glutaric acid, and with a lesser soluble acid. We have also studied a mixture of an inorganic salt, (NH 4 ) 2 SO 4 , together with malonic acid. Table 3 summarises the mixtures investigated together with their measured densities and refractive indexes at λ=632.8 nm.
The absorption index of the ternary mixtures can be calculated from the absorption indices of the individual components by a simple linear parameterisation: (5) where k t i,j,w (λ) is the absorption index of a ternary mixture, M i and M j are the molar concentrations of component i and j dissolved in water, and M w is the molar concentration of water. k b i (λ) and k b j (λ) are the molar absorption index component i and j , respectively, and k w (λ) is the molar absorption index of pure water. The molar absorption indexes of the acids studied and of pure water are given as supplementary information. The experimental absorption index of the mixtures are reproduced within 1×10 −6 in the UV region, while the deviations are somewhat larger in the near infrared region when the absorption features are of vibrational origin.
The results of this exercise shows that provided the molecular interactions do not change substantially with mixing, one may estimate the absorption index of any mixture of the organic acids quite accurately by:
also given as supplementary information. The corresponding refractive index n λ=632.8 of the mixture may in turn be calculated from Eq. (4). Finally, n(λ) of a mixture can then be obtained by the Kramers-Kronig transformation of the calculated absorption index employing n λ=632.8 as the anchor point.
Single scattering albedo of aqueous organic acids aerosols
The single scattering albedo, SSA, is defined as:
where Q scat is the scattering efficiency and Q abs is the absorption efficiency of the aerosols calculated by Mie theory assuming spherical particles and adopting the aerosol complex index of refraction and size distribution. The interpretation of SSA is that for =1 the aerosols in question are totally scattering and therefore lower the global mean surface temperature; low values of indicate that the aerosols will rise the global mean surface temperature. Several climate and radiative model studies have investigated the turnover value. Haywood and Shine (1995) showed that the critical value of SSA changes as a function of the surface reflectance. With the global mean albedo of 0.3 as the chosen surface reflectance they reported the critical single scattering albedo to be approximately 0.85, dependant on the size of the aerosol. Later Hansen et al. (1997) reported critical values in the range from 0.86-0.91. The highest value represents a model case when all feedback mechanisms are included, inclusive the effect of absorbing aerosol on clouds, referred to as the semidirect aerosol effect. Hansen et al. (1997) concluded that aerosols with single scattering albedo as large as =0.9 might lead to net global warming, and that the anthropogenic aerosol feedback on the global mean surface temperature might be positive.
Calculations of the single scattering albedo using the obtained complex index of refraction of different mixtures were performed. A model using Mie theory assuming spherical aerosols is applied (Wiscomb, 1980) . To study the effect of various optical constants of organic acids we have assumed constant aerosol distribution in all the calculations. Size distributions may vary considerably for organic aerosols as the sizes of the aerosols are dependant on factors as primary or secondary sources and the aging of the aerosols. Yao et al. (2002) presented size distributions of aerosols containing dicarboxylic acids and they find that the profile of the size distributions of these aerosols is similar to the profile of the size distribution of sulphate aerosols. However, they found that most of the dicarboxylic acids were observed in a mode with radii ranging from 0.16-0.5 µm, and not in the accumulation mode. This is in contrast to the observations of Kavouras and Stephanou (2002) . We therefore investigated two cases with different geometric mean radii. A mono lognormal size distribution with and standard geometric mean of 2.0 is used and the geometric mean radius of 0.05 µm is applied as a typical value for the fine mode and a radius of 0.25 µm as a representative value from the study of Yao et al. (2002) . The results are presented in Fig. 8 . The upper panels (a) and (b) show the calculated refractive and absorption index respectively of the mixture with the highest organic content investigated; 5 wt% oxalic acid, 5 wt% malonic acid, 5 wt% succinic acid, 5 wt% glutaric acid, 20 wt% pyruvic acid, 1 wt% benzoic acid H 2 O; a total organic content of 41 wt%. The absorption and refractive indices are calculated using the presented parameterisation and procedure. The lower panel shows the calculated single scattering albedo for the two cases. The red curve is the SSA using r=0.05 µm as the radius and the black curve is the results corresponding to r=0.25 µm. The lowest SSA value calculated is 0.996 at 325 nm and a geometric mean radius of 0.25 µm. The minimum value is results from the absorption band of 20 wt% pyruvic acid.
Atmospheric implications and conclusions
The conclusion from the SSA calculations is that tropospheric aerosols consisting of organic acids and water, similar to the ones studied here, have a pure scattering effect. These classes of organic compounds present in aerosols scatter solar radiation similar to sulphate aerosols and have a cooling effect on the climate; these aerosols do not have a direct aerosol heating potential. The conclusion is not dependant on the concentration of the organic acids present in the aerosols. Pyruvic acid is the only investigated acid with absorption band in the wavelength range from 300-700 nm. The results show that even if the aerosols contain 75 wt% of pyruvic acid the absorption is still too weak and taking place at too short wavelengths to have any possibility to rise the global mean temperature.
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